Abstract. A 1-phase induction motor usually has a complicated windings design which compares to polyphase induction motor. In addition, a large capacitor start is required to operate the motor. It is an expensive way to operate the motor if it compare to polyphase induction motor. So, a new innovation method is required to make the motor more simple and cheaper. This research is purposed to study a new winding design for a single-phase capacitor motor. Winding design of the motor was conducted to a simple winding design like a 4-phase induction motor that has four identical windings. The comparator motor that use in this study was a Three-phase induction motor with data 1400 RPM, 1.5 HP, 50Hz, 380/220V, Y/Δ, 2.74/4.7A, 4 poles, that had the same current rating which the proposed method. The result showed that the motor design on this proposed method could be operated at 88.18 % power rating with power factor close to unity.
Introduction
The Induction motors usually used in many sectors, especially in industrial and home application, because this motor is simple and robust construction. At present, there are two types induction motor in application, threephase and single-phase motor. The three-phase motor is usually supplied by a 3-phase system, whereas a singlephase motor with a 1-phase system [1] .
The 3-phase motors usually operate on a three-phase system. The motors are usually produced in high power ratings. They operate normally by using Three-phase power supply. The motors have 3 identical windings separated by 120 degrees electricity. The number of turns of each winding is equal, so that the motor can operate with a balanced current on each winding when the 3-phase balanced source is used in the motor [1] [2] . In the development of operating system, the 3-phase motor had been operated on 1-phase power system [3] [4] [5] [6] [7] [8] [9] . The motor was operated on 1-phase power supply by installing some capacitors to the windings of the motor [3] [4] [5] [6] [7] [8] . The modification technique was developed by adopting 2 windings principle of single-phase capacitor motor. Some evaluation methods had been developed by some research to find a simple method for analyzing the characteristics of the motor [3, 10] .
Single-phase induction motor is a motor that usually produced at low power rating. The motor is operated on a single-phase supply and usually used in some home applications, such as fans, etc. The motor usually has 2 windings, auxiliary and main windings [1] . The motor will operate with better performance when capacitors are installed on the motor. These capacitors serve to produce the phase difference between the two windings (auxiliary and main windings) of the motor which aims to produce a large torque to the motor [1] [2] . This method is called conventional method because the motor only has 2 windings. Although the performances the motor had been developed [11] [12] [13] [14] , the construction design of the winding of the motor still has the same with the conventional methods.
This paper is focused to study a new technique and construction of the winding of a single-phase capacitor motor. The motor has four windings that we called U, V, W and X windings. All of the windings are identical windings that have the same cross section area.
Winding Design of Induction Motor

Three Phases Winding Design
Three-phase induction motor has three identical windings that are separated from each other by 120 degrees. The design of the motor windings can be modeled as shown in Fig. 1 .
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Fig. 1. Three phases windings design of a three-phase motor
The windings of a three-phase motor can be connected in two variation standards, Wye (Y) and delta (Δ) as shown in Fig. 2 and Fig. 3 respectively. Figs. 1, 2 and 3 show that the 3-phase motor has three identical windings, A (A to A'), B (B to B') and C (C to C'). The letters R, S and T in Figs. 2 and 3 are the spots for which a three-phase source is connected to supply the motor.
Conventional 1-phase Capacitor Motor
Single-phase capacitor motor usually has 2 windings. The windings are called main and auxiliary windings respectively. Both windings are usually used for starting. A 1-phase capacitor motor usually used capacitors that installed in series with one of the windings as shown in 
Four Phases Windings design
Four phases windings design of the motor has four identical windings that are separated from each other by 90 degrees. The model of the windings design is shown in Fig. 6 . 
Research Method
This study is proposed to show a new windings construction of a single-phase capacitor motor by using 4 phases windings design. The induction motor used as comparator for this study was a three-phase induction motor with data 1400 RPM, 1.5 HP, 50Hz, 380/220V, Y/Δ, 2.74/4.7A, 4 poles. The motor had 3 identical winding of 0.65 mm 2 in size. The proposed method had 4 windings constructed in the stator that we mark as U, V, W and X as shown in Fig. 7 . The 3 windings (U, V, W) are connected together and we call the auxiliary windings and the 'X' windings is called the main winding. The windings of the proposed method were made the same size of 0,65 mm 2 like an identical fourphase induction motor. 'S1' in Fig. 7 is a centrifugal switch that use to disconnect the start capacitor after the motor reach the running condition.
Total capacitance of the capacitor (Cst) as shown in Fig. 7 can be calculated by using the formula published by Anthony [4] 
The voltage 'Vc' on the run capacitor and the reactive power donated by the run capacitor (VARc) can be calculated respectively as follows.
The apparent power (S) and the line current (IL) of the motor can be calculated by the following formula.
VARc S  (7)
The line current (IL) enters into the motor can be calculated as follows.
When the motor is operated with a nominal winding current, the motor will operate with a power factor close to unity. Therefore, the power factor (PF) and power input (Pin) of the motor can be defined as follows. 
Results and Discussion
The 1-phase proposed motor was tested in the laboratory. The characteristics of the motor then compared to the characteristics of the comparator motor. The result of this study can be explained as follows.
(1) Output Characteristic
The output power characteristic of the motors is shown in Fig. 8 . Fig. 8 can be explained that the Output Power of the proposed motor (Pout M1-ph) is 691.71W that is 88.18% Output Power of the comparator motor (Pout M3 ph). So, the proposed motor could operate almost close to the rating power of the comparator motor.
(2) Power Factor Characteristic
The power factor characteristics of the motors are shown in Fig. 9 . From the data in Fig. 9 can be seen that the power factor of the proposed method (Fd M1-ph) always between 0.95 and 0.99 that was better than the threephase induction motor. (Fd M3 ph). That is because the capacitor used in equation (2) is set to improve power factor to become close to unity.
(3) Efficiency Characteristic
The efficiency characteristics of the motors are shown in Fig. 10 From the data shown in Fig. 10 can be explained that the efficiency of the 3-phase motor (Eff M3 ph) is better than the proposed motor (Eff M1-ph). That is because the proposed motor uses the same size of the winding (0.65 mm 2 ) both the main and the auxiliary windings. Of course, the current of both the main and the auxiliary is limited not to higher than the current rating of the windings. So, the proposed motor did not work optimally. So, for better performances of the motor, the auxiliary windings of the proposed motor should be bigger than the main windings.
Conclusions and recommendations
This study is proposed to show a new winding design for a single-phase capacitor motor by using 4 phases winding design. The proposed motor could be operated at 88.18 % Output Power of the comparator motor, on power factor close to unity. But, the efficiency of the proposed motor lower than the comparator motor because all windings of the proposed motor is the same in size. So, for better performances of the motor, the auxiliary windings of the proposed motor should be bigger than the main windings. It will be discussed in the next topic of papers.
